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We have previously identified a gene, {3ig-It3, which is 
highly induced in A549 cells (human lung adenocar-
cinoma) after growth arrest by transforming growth 
factor-{3. The {3ig-It3 gene encodes a 683-amino-acid 
secretory protein termed {3IG-H3, and treatment of 
several cell lines with transforming growth factor-{3 
results in increased secretion of {3IG-H3 into cell 
culture supernatants. In this report, we further char-
acterize {3IG-H3 with respect to its synthesis and 
function. Primary human foreskin fibroblasts grown 
in monolayer culture produced {3IG-H3 mRNA and 
secreted {3IG-H3 protein into the growth media. 
T ransfonning growth factor-{3 (TGF-{3) is a member of a family of disulfide-bonded homodimeric proteins that regulates the growth and differentiation of many cell types. Three isotypes are found in mammalian cells: TGF-{31, TGF-{32, and TGF-{33. The biologic 
effects of these factors include growth regulation, modulation of the 
immune response, stimulation of bone formation, induction of 
cartilage-specific macromolecules, and acceleration of wound heal-
ing (for review see [1-3]). TGF':'{3 has been localized in the normal 
dermis [4,5] but appears in the epidermis during wound healing, 
where it has been shown to stimulate integrin expression in 
keratinocytes during epithelialization [4,6]. TGF-{3 is a potent 
inhibitor of keratinocyte proliferation in vitro [7]. 
The effects of TGF-{3 are mediated by specific cell-surface 
receptors; three types have been identified based on chemical 
crosslinking of [1 2sI]_labeled TGF-{3 to cell-surface components. 
Type I and type II receptors are signaling receptors and are 
membrane-bound serine/threonine kinases [8-13]. The type III 
receptor is a proteoglycan (termed betaglycan) that is thought to 
function in the storage of protein or for presentation of TGF-{3 to 
the type I or type II receptors [13-15] . 
The pleiotropic effects ofTGF-{3 may be mediated, in part, by its 
ability to affect gene transcription. TGF-{3 has been shown to 
increase the transcription of Jos, myc, and sis in mouse fibroblasts 
[16] and of c-jHn and j,m-b in A549 cells (17), as well as of mRNAs 
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Treatment of these cells with transforming growth 
factor-{3 led to an increase in {3IG-H3 mRNA and 
protein. Cells grown on three-dimensional scaffolds 
secreted {3IG-H3 into the extracellular matrix, as 
judged by immunostaining with anti-{3IG-H3 anti-
bodies. {3IG-H3 was also detected in normal human 
skin, especially in the papillary dermis. Finally, we 
show that recombinant {3IG-H3 supported attach-
ment and spreading of dermal fibroblasts, suggesting 
that {3IG-H3 may function as an extracellular attach-
ment protein in skin. Key Ivords: extracelhtlar/derlllis/ 
epidermis. ] Invest Derlllatol 104:844- 849, 1995 
encoding IL-6 [18], epidermal growth factor receptor [19] , and 
platelet-derived growth factor receptor a subunits [20]. Using 
differential screening techniques, we have identified a novel gene, 
{3ig-h3 (TGF-Q--induced gene-human, clone l; Gene Bank acces-
sion number M77349), which was induced in A549 cells after 
growth arrest by TGF-{3 [21]. cDNA sequence analysis of {3ig-h3 
indicated that it encodes a 683-amino-acid secretory protein, 
{3IG-H3. {3IG-H3 mRNA and protein are up-regulated in several 
cell lines after treatment with TGF-{3. Transfection of {3IG-H3 
expression plasmids into Chinese hamster ovary cells leads to a 
marked inhibition of tumor formation by these cells in nude mice 
[22]. cDNA sequence analysis of murine {3ig-h3 clones indicated 
90.6% conservation between the human and murine proteins [22]. 
{3IG-H3 is normally expressed at very low levels in all of the cell 
lines we have examined to date and is significantly increased after 
TGF-{3 treatment. Upon screening several additional cell types, we 
discovered that human primary foreskin fibroblasts constitutively 
produce and secrete unusually high levels of {3IG-H3. Tlris was 
particularly interesting because human lung fibroblast (WI-38) cells 
produce low amounts of {3IG-H3 unless treated with TGF-{3 [22]. 
In this report, we demonstrate that these primary dermal fibroblasts 
naturally secrete lrigh levels of {31G-H3, and these levels can be 
increased further after TGF-{3 treatment. {3IG-H3 protein is also 
produced when these cells are grown on a three-dimensional 
scaffold (vicryl or nylon), as detected by i.mmul1ostaining lIsing 
antibodies produced against recombinant {3IG-H3 made in bacteria. 
Immunosta.ining of normal human skin showed that {3IG-H3 is 
expressed in both the dennis and epidermis. Using purified recom-
binant {3IG-H3 produced in Clrinese hamster ovary cells , we show 
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th at this protein promotes the adh esion and spreading of fibrob lasts 
and th erefore may act as an anch oring and/or sig n aljng protein in 
normal skin. 
MATElUALS AND METHODS 
Materials Fibroblasts were isolated from human foreslGns . Fetal bovine 
serum was purchased from Hyclone (Logan, UT). Dulbecco's modified 
Eagle's medium (DME), L-glu tamine, minimal essential amino acids, anti-
biotics and antimycotic agents, and D ulbecco's phosphate-buffered saline 
(PBS) were purchased from Gibco Life Technologics, Inc. (Gaithersburg, 
MD). Vicryl was purchased from Ethicon, Inc. (Summerville, NJ), and 
nylon mesh (Biobrane) was purchased from Dow B. Hickam , Inc. (Sugar 
Land, TX). Basic fibrob last growth factor (bFGF) was purchased from 
PeproTech (Rocky Hill, NJ ), and TGF-{3 and amphiregulin were prepared 
as described [23] . [35S]_ Translabel and [a_32 P]_dA TP were purchased from 
ICN (Irvine, CAl. Purified human fibronectin was from Chernicoll 
(Temecula, CAl. Hybond N transfer membranes were from Amersham 
(Arlington Heights, IL). 
Cell Growth and Tissu e Culture Primary human foreslGn fibroblasts 
were obtained from neonatal foreslGns by sequential trypsin and collagenase 
digestion and were expanded in DME containing 10% fetal bovine serum , 
L-glu tamine, minimal essential amiJ10 acids, penicillin G (100 U / ml), 
streptomycin sul f.,te (100 ,....g/ml), and amphotericin B (0.25 ,....g/ml) (DME 
complete). Cell stocks were frozen in complete DME containing 10% 
dimethylsu lfoxide and kept in liquid nitrogen until use . Cells were revived 
by thawing at 37°C and were further propagated in DME complete. For all 
experiments, ce lls were used between passages 4 and 12. For growth on 
three-dimensional scaffolds, cells were seeded on Vicryl (88% polyglyco lic 
acid, 12% poly-L-Iactic acid) mesh or nylon mesh (Biobrane) and grown to 
confluency for 6 weeks, as described [24,25]. Recombinant TGF-{31 and 
amphiJ'egulin were used at 20 ng/ml, 'Uld bFGF was used at 10 ng/ml. 
Northern Blot Analysis Total RNA was extracted as described [26J, 
fractionated on a 1% agarose- fol11laldehyde gel [27], tra nsferred to a nylon 
membrane (Hybond N) , hybridized to [J2 P]-labeled probe, and autoradio-
graphed as described [28]. 
Radiolabeling and Immunoprecipitation Cells were radio labeled 
with 200 ,....Ci/ml [J5S]-Translabel in DME plus 5% dialyzed fetru bovine 
serum for 4 h . Supernatants were immunoprecipitated using anti-{3IG-H3 
antiserum (p roduced in rabbits against recombinant (3IG-H3 [22]) o r nornlal 
rabbit IgG as described [22]. lmmunoprecipitates were analyzed by sodium 
dodecylsu lfate-po lyacrylamide gel e lectrophoresis [29]. Gels were dried and 
e"l'osed for autoradiography using Fuj i X-ray film. 
Purification of Recombinant {lIG-H3 Recombinant {3IG-H3 was 
purified from serwn-free medium conditioned by C hinese hamster ovary 
cells transfected with a {3 IG-H3 expression plasmid exactly as described 
[22]. {3IG-H3 was kept at -70°C until use. 
Preparation of Substrates Glass coversljps (1 .2 cm 2 surf.,ce area per 
coversljp) or micro titer wells were coated with {3IG-H3 or equimolar 
amoun ts of human fibronectin. T he substrates were air dried at room 
temperature. Before use, ti,e substrates were rehydrated by incubation in 
PBS fo r 15 min, and nonspecific binding sites were blocked with 1 % 
heat-treated BSA (heated to 80°C for 10 min and fi ltered) . T he substrates 
were rulsed with PBS before use. 
Cell Attachment Assay Cells were grown as monolayers and treated 
with cycloheximide (25 J.Lg/ml) 2 h before experiments. Cycloheximide 
was included in all subsequent bufl:'ers and med.ium. Cell s were harvested by 
rinsing monolayers with PBS minus Mg++ and Ca+ + salts. containing 0.5 
mM ethylenediamine tetraacetic acid (EDTA), and detached w ith trypsinl 
EDTA for 2 min at 37°C. Cells were washed twice with 50 ml of complete 
DME and twice with 50 ml of DME only. T he appropriate number of cells 
was fi nall y resuspended in DME conta.injng 0.1 'XI heat-treated BSA. Cell s (3 
X 10") were seeded in substrate-coated microtiter we lls. 
Cell attaclU11ent was aHalyzed as follows. After incubation for 3 h at 37°C, 
unattached cells were removed by rinsing with PBS. For time-dependent 
assays, after the PBS rinse, 200 ,....1 ofDME onl y W'IS added to the wells until 
the end of incubation. Cell attachment was qua ntitated as described [30]. 
Briefly, attached cells were incubated fo r 90 min at 37°C in 50 mM citrate 
buffer, pH 5.0, containing 3.75 mM p-ni trophenol-N-acetyl 1-{3-D-glu-
cosaminide (hexosaminidase substrate) and 0.25% Triton X-100. Enzyme 
activity was blocked by til e addition of 50 mM glycine buffer, pH 10.4, 
containing 5 mM EDTA. T he absorbance was measured at 405 nm in a 
Molecula r Devices Vmax microplate reader. 
Inllttunostainillg Normal sIGn biopsy samples were obtained fro m Dr. 
J ohn Hansbrough (Department of Surgery, University of Cali fo rnja, San 
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Figure 1. {lIG-H3 mRNA is synthesized by humatt dermal fibro-
blasts grown in monolayer. Cells were grown to 60% confluence in 
tissue culture dishes and treated Witll bFGF (lan e 2), TGF-{31 (lan e 3), or 
amphiregu li n (lane 4) for 48 h. RNA was extracted, and 10 ,....g of total RNA 
was analyzed by Nortllern blotting using [" P]-Iabeled (3IG-H3 probe as 
described [11 J. Lane 1 contains RNA from untreated cells. Gels were stained 
Witll methylene blue to assure equal loading and transfer. 
D iego). T hey were processed for histology and embedded in paraffin. 
Paraffin sections of n0I11131 human sIGn or of fibroblasts grown on three-
dimensional scaffolds were rulsed in Tris-buffered sawle (TBS) two times for 
5 min each. Endogenous peroxidase activity was blocked \vith 3% hydrogen 
peroxide for 10 min. Samples were rinsed wi til TBS. 2 X 5 min , and tI,en 
placed in Protein Block Serum (DAKO. Inc.), for 30 min to reduce 
nonspecific background. Serum was tapped off and ti,e sections were 
incubated with prul1ary antibody anti-{3IG-H3 and nOl11lru rabbit serum. 
both diluted 1: 1 000 ovemight at 4°C. Sections were rinsed in TBS (3 X 5 
min) and incubated Witll biotinylated goat anti-rabbit IgG (Biogenex, Inc.). 
di luted 1 :65 . at room temperature for 30 min . Samples were rinsed witll 
TBS (3 X 5 min) and incubated with peroxidase-conjugated streptavidin 
(Biogenex, Inc.), dilu ted 1 :65. at room temperature for 30 min. Samples 
were then rinsed with TBS (3 X 5 min), sta.ined with 3,3'diaminobenzid.ine 
tetrah ydrochloride substrate for 3-5 min , and rinsed witll distilled water for 
1 min . They were then dehydrated. cleared, and mounted with sY',tl,etic 
resin . 
RESULTS 
I3IG-H3 Expression by Fibroblasts in Monolayer Culture 
Previous experiments showed that severaJ nomlaJ and cancer ceU 
lines, including Wl-38 cells (human lung fibroblasts) and primary 
k eratinocytes ([22] and data not shown), produce low constitutive 
levels of ,BIG-H3 and that treatment with TGF-,Bl led to an 
increase in ,BIG-H3 mRNA and protein. We have been studying 
gene induction in demlaJ fibroblasts by TGF-,B and noticed that 
th ese cells n ormally produce high levels of ,BIG-H3 mRNA, which 
can be further induced by TGF-,B (Fig 1). Treatment with amphj-
regulin or bFGF both led to a slight decrease in ,BIG-H3 mRNA. 
To d e tect the ,BIG-H3 protein, ceUs were treated for 48 h with or 
w ithout TGF- ,B and labeled for 4 h wieh [35S]-Translabel. Condi-
tioned m edium was immunoprecipitated with anti-,BfG-H3 anti-
bodies. Figure 2 shows that untreated demla.i fibroblasts secreted 
,BIG-H3 (ltwe 2) and that TGF-,B treatment resulted in an increase 
in ,BfG-H3 secretion (lall e 3). 
I3IG-H3 Expression by Fibroblasts Grown on Three-Ditnen-
sional Scaffolds Cell growth aJld gen e expression can be regu-
lated by th e sh ape of the ceU [31,32] and by the extracellular 
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Figure 2. Human dermal fibroblasts grown in monolayer secrete 
pIG-H3 protein into the growth medium. Cells were treated with 
TGF-pl for 48 h (/all es 3,4) or left untreated (/alles 1,2), and then labeled 
with [JSSj-methionine and [J5Sj-cysteine for 4 h. Supernatants were incu-
bated with normal rabbit IgG (/allcs 1,4) or anti-p iG-H3 serum (/alles 2,3) 
for 1 h at 4·C on a rotating shaker and collected using protein A-sepharose 
beads, as described [22j . Inununoprecipitates were analyzed by sodium 
dodecylsulfate-polyacrylamide gel electrophoresis followed by autoradiog-
raphy. . 
environment [33]. The results shown in Fig 2 indicate that 
untreated cells grown in monolayer culture secrete /3IG-H3. To 
examine further whether /3IG-H3 was secreted into the extracel-
lu]ar matrix when cells were grown on a three-dimensional scaf-
fold, we seeded dermal fibroblasts onto Vicryl and nylon mesh and 
grew them to confiuence as described [24] . Previous results indi-
cated that when cells were seeded onto these scaffolds, they 
proliferated and secreted extracellular matrix proteins [24]. RNA 
was extracted and examined for /3ig-h3 expression by Northem blot 
analysis. Figure 3 shows that cells expressed /3ig-h3 transcripts 
when grown on either scaffold. Immunoh.istochemical staining was 
used to detect /3IG-H3. Figure 4A shows that cells grown on 
Vicryl scaffolds secreted /3IG-H3 into the extracellular matrix. For 
comparison, Fig 4B shows the staining for versican, a large 
extracellular matrix chondroitin sulfate proteoglycan that associates 
with the elastic network of the dermis [34]. A section stained with 
nonna] rabbit IgG is shown in Fig 4C. Similar results were obtained 
for cells grown on nylon mesh (data not shown) . 
Detection of {UG-H3 in Normal Adult Skin Because /3IG-
H3 was found to be secreted into the extracellular matrix by demlal 
fibroblasts cultured in vitro, we next exatnined sections of nomlal 
human skin for the presence of /3IG-H3 using immunohistochem-
istry. Figures SB and C (higher magnification of 5B) show that 
/3IG-H3 was detected in nomla] skin in the dennis and epidermis. 
Increased staining was seen in the papillary dermis and Ul a band 
along the granular layer of the epidermis. A section stained with 
normal rabbit IgG is shown Ul Fig SA. 
Purified JUG-H3 Supports the Adhesion and Spreading ' of 
Fibroblasts The attachment of cells to an adhesive substrate 
depends on physical contact between cell-surface receptors and 
substrate ligands. A sufficient number of contacts is necessary for 
the substrate to support cell adhesion that will withstand shear 
forces imposed w hen unattached cells are washed away. Hence, cell 
attaclunent is an event dependent on the time of ulcubation and 011 
the concentration of cell-surface receptors and their ligands. 
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Figure 3 . Hum.an dermal fibroblasts grown on three-dinlensional 
scaffolds synthesize Pig-I,} m.RNA. Cells were grown on three-dimen_ 
sional scaffolds consisting of Vi cry I (/alle 1) or Biobrane (nylon; lalle 2). RNA 
was extracted and probed for Pig-I,3 transcripts as .in Fig 1. 
Earlier experiments suggested that soluble /3IG-H3 ulhibited the 
attachment of some celllJ'pes to plastic [22], presumably by causing 
cell-cell aggregation (unpublished observation). Therefore, we 
examined the adhesion behavior of cells on a substrate composed of 
immobilized /3IG-H3 under conditions of varyUlg incubation times 
and /3IG-H3 concentration. /3IG-H3 was purified from the growth 
medium conditioned by Chinese hamster ovary cells transfected 
with a cDNA expression plasmid encoding /3IG-H3 [22]. T his 
material reacted strongly when immunoblotted against anti-
/3IG-H3 antiserum but did not react with anti-fibronectin antibody, 
demonstratUlg that the recombinant /3IG-H3 preparation was not 
contaminated with fibronectin (data not shown) . . 
Cells readily attached to and spread on plastic tissue culture 
dishes coated with /3IG-H3, similar to the attachment and spreading 
of cells on tissue culture plastic. Much less attachment was noted on 
dishes coated with BSA (data not shown) . Cell attachment to 
/3IG-H3 was accompanied by cell spreading. Several minutes after 
uutial cell attachment, most cells were round; however, they began 
to flatten and spread as a fWlCtion of tUlle, sunilar to the cell-
spreading behavior of cells on a substrate composed of fibronectUl 
(subjective observation only). Cells attached to a t3IG-H3 substrate 
in a concentration-dependent fasluon, with half-maximal attach-
ment occurring at about 10 /Lg/m] (Fig 6A) . Cells attached to a 
fixed amount of /3IG-H3 Ul a time-dependent reaction that was 
essentially complete Ul 60 min (Fig 6B). 
DISCUSSION 
/3IG-H3 was first identified as a gene induced in A549 cells after 
long-term treatment (72 h) with TGF- /3 and was subsequently 
shown to be induced at both the RNA and protein levels by TGF-/3 
in several additional cell lines [15,22]. 
The data presented here show that (31G-H3 is secreted by 
primary human derma l fibroblasts when grown in monolayer 
cu lture and is deposited in the extracellular matrix when cells are 
grown on a three-dunensional scaffold. Treatment of cells with 
TGF-/3 led to 3n increase in /3IG-H3 mRNA as well as in the 
amount of /3IG-H3 protein secreted into the tissue culture media. 
Immunolustochenucal analysis of norma] human skin USUlg anti-
/3IG-H3 antibodies uldicated that (3IG-H3 is present in both the 
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Figure 4 . Fibroblasts grown on a three-dimensional scaffold syn-
thesize {3IG-H3. Cells were grown in three dimensions on Vicryl and 
stall1ed for {3JG-H3 (A) or versican (B), or with normal rabbit IgG (C) as 
described in Materials alld lIt/ct//Ods. Tissue was counterstall1ed with hema-
to,,:ylin and eosin Y. Bar, 50 f.Lm. 
epidermis and the dermis, with an increased staining intensity in the 
papillary dermis and in the granular layer of the epidermis. 
Because /3IG-H3 is found in normal adult skin and is secreted by 
dermal fibroblasts, we decided to test for any potential interaction 
of /3IG-H3 with dennal fibroblasts. We found that /3IG-H3 pro-
moted the attaclunent and spreading of these cells. cDNA sequence 
analysis of /3IG-H3 clones predicts that the 683-amino-acid /3IG-
H3 protein should contain an RGD sequence in the carboxy 
tenninus located at amino acid position 642-644. The RGD motif 
is fOlUld in many extracellular matrix molecules that support cell 
adhesion, including fibronectin, vitronectin, laminin, entactin, col-
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Figure 5. {3IG-H3 is present in normal human adult skin. Normal 
human adult skin was immunostall1ed with nonnal rabbit JgG (A ) or 
anti-J3IG-H3 antibody (B, C) as described in Materials alld M ethods. Bar, 50 
f.Lm. 
lagens, osteopontin, and bone sialoprotein [35], and is recognized 
by some of the integrins [36,37]. It is interesting that protein 
sequence analysis of purified recombinant /3IG-H3 indicated that 
the RGD motif was not present in the mature protein, possibly 
because of carbo::\.l' tenninal processing [22]. In addition, /3IG-H3 
contains four intemal repeats; as proposed for the fasciclin I protein, 
these four repeats suggest a tetrameric structure [38,39] fom1ing 
two binding sites per molecule. These regions could form binding 
sites for ligands present on cell surt.1ces and could be responsible for 
dIe observed cell-adhesion activity. Altematively, /3IG-H3 may be 
involved in transmitting signals between cells or act as a surface 
recognition protein. This latter point is especially interesting given 
dIe recendy described extracellular cell-surface location of dlis 
protein (see below). 
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Figure 6. /lIG-H3 promotes the attachment of fibroblasts. A, at-
taclunent of cell s to {3IG-H3 substrates as a function of {31G-H3 con centra-
tion, Cells were grown in tissue culture flasks in complete medium 
containing 25 /Lg/m1 cycloheximide 2 h b efore harvesting, The cells were 
then rinsed twice with PBS minus Mg++ and Ca++ salts and harvested with 
trypsin/EOTA as described in Materials alld Metllods, They were resuspended 
in OME containing 0,1% heat-treated BSA, seeded in microtiter plates 
coated with recombinant (3IG-H3 [22) at the indicated con centrations, and 
incubated for 3 h , The supernatant containing an y nonadherent cells was 
removed, and cells attached to the substrate were quantified as described in 
Materials alld Met//Ods, The zero data point indicates nonspecific cell 
adherence on BSA, Bars represent SO, Experiments were done in duplicate, 
Abs, absorbance, B, attaclU11ent of cells to {3IG-H3 substrates as a function 
of time , Cells were h arvested as described in A, seeded in microtiter wells 
coated with {31G-H3 (1 /Lg/well; open sql/ares) or with equimolar amounts of 
fibronectin (closed circles), and incubated for the indicated periods at 37°C, 
The supernatant containing any non adherent cells was removed, and cells 
attached to the substrate were quantified as described in Materials .lId 
Met/lOds . The absorban ce (Abs) value for cell s on a non adherent substrate 
(BSA) was less than 0,06, This value is subtracted from the data points 
shown. Bars represent SO, Experiments were done in triplicate . 
Primary human dermal fibroblasts constitutively secrete /3IG-H3, 
and tlus is augmented by TGF-FJ treatment. Keratinocytes produce 
little FJIG-H3 mRNA, and TGF-FJ leads to a dramatic increase in 
FJIG-H3 mRNA and protein secretion in these celis ([22] ,and 
unpublished observations), TGF-FJ is a1so a potent inhibitor of 
keratinocyte proliferation. In the skin, FJIG-H3 may act to promote 
the adhesion and spreading of dennal fibroblasts andlor may be 
involved in the transmission of signals between dermal fibroblasts 
and basal keratinocytes , Recently, Escribano el: aL described the 
expression of FJIG-H3 in corneal epithelium [40] . These authors 
isolated a FJIG-H3 eDNA clone from the human ciliary epithelial 
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celiline OMD-2 and, using an anti-peptide antibody, demonstrated 
that FJIG-H3 is an extracellular protein localized to the periphery of 
the surface membrane. Tlus location suggests that FJIG-H3 could 
function as a membrane-associated growth factor, as is true for 
certain members of the FGF family. We have fOUlld that dermal 
fibroblasts contain mRNA for TGF-FJ, and it has been shown that 
TGF-FJ is present in the dernus [4,5] . Perhaps in the final stages of 
wound healing, TGF-FJ secretion by fibroblasts is involved in 
inlubi!ing keratinocyte proliferation, whereas increased FJIG-H3 
secretion by keratinocytes is involved in maintaining homeostasis 
once healing is complete. Experiments are in progress to detect 
FJIG-H3 in wounds and to determine any potential role of this 
protein in the wound-healing process, 
We tllallk Patrice Wick for excd/ell/ malll/script prepara/ioll, 
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